bacterial periplasm [16, 17]. Dsb proteins lack an overall sequence homology, but they all share a CXXC active site motif characteristic of the thioredoxin superfamily [18]. These proteins form two distinct pathways for disulfide formation and rearrangement. The DsbA-DsbB and Applied Genomics pathway [19][20][21] rapidly introduces disulfide bonds into target proteins, sometimes resulting in the formation of Institute for Molecular Bioscience University of Queensland nonnative disulfide bonds, whereas the DsbC/DsbG-DsbD pathway [22-26] catalyzes the rearrangement of Brisbane QLD 4072 Australia incorrect disulfide bonds, allowing proteins to fold correctly. We are currently investigating the structure of 2 Centre Mé dical Universitaire Dé partement de Biochimie Mé dicale DsbG, a 2 ϫ 25.7 kDa periplasmic homodimer that, like DsbC, shows disulfide bond isomerase activity and 1 Rue Michel-Servet 1211 Genè ve 4 which also functions as a molecular chaperone [27, 28]. DsbG is homologous to DsbC (sequence identity 24%) Switzerland [29], suggesting that it may share a similar fold. We cloned, expressed, and purified DsbG and produced crystals by hanging drop vapor diffusion. However, Summary
Due to the fragility and temperature-sensitive nature of total of eight times the crystallization drop volume (16 l) of dehydrating solution (containing 30% PEG 4000 the DsbG crystals (they began to disintegrate/melt after handling at room temperature), crystal handling was and 10% glycerol; see Experimental Procedures for further detail) to the 2 l drop containing the DsbG crystal. performed in the cold room at 4ЊC rather than in the laboratory at 20ЊC. This temperature change did not
The drop was then equilibrated against air for a period of 20 min. However, DsbG crystals treated in this way improve the diffraction quality of the crystals (not shown), but the crystals remained intact after handling. began to crack after a few minutes and were not suitable for X-ray diffraction studies. The second dehydration Two dehydration methods were tested. The first was based on the method described in detail by Haebel and method was more gentle, involving the transfer of a crystal from the crystallization drop into a 5 l hanging coworkers [15] for a DsbC-DsbD␣ complex which improved diffraction resolution of their crystals from 7 Å drop of the same dehydrating solution, which was then equilibrated against a 1 ml volume of dehydrating solu-to 3.8 Å . This method required the slow addition of a tion overnight at 4ЊC. Crystals of DsbG dehydrated in in order to improve their diffraction quality and resolution limit [34-42]. this way were much more robust than untreated crystals.
Prior to diffraction data measurement, dehydrated In this paper, we show the most dramatic improvement in diffraction resolution so far described after crys-crystals were stepwise cryoprotected by soaking in solutions containing increasing concentrations of glycerol. tal dehydration. The gentle dehydration method used here resulted in a spectacular improvement of the dif-The crystals were equilibrated for 10 min at each step from 15% to 25% glycerol and were then frozen by plung-fraction resolution of DsbG crystals, from 10 Å to 2 Å resolution as measured on our laboratory X-ray equip-ing into liquid nitrogen. The crystals were then transferred frozen to the gaseous nitrogen stream (100 K). ment. The diffraction resolution is likely to be even further improved at a synchrotron radiation source. Cryo-Dehydrated crystals of DsbG exhibited a dramatic improvement in diffraction quality, with the pattern ex-cooling alone or crystal annealing alone had no beneficial effect on the diffraction quality of DsbG tending to high resolution, and with no evidence of the former streakiness in spots (Table 1D; Figure 1D ). A crystals. Crystal dehydration is applicable to protein crystals dehydrated DsbG crystal was used to measure 2 Å resolution diffraction data on our laboratory X-ray diffraction other than DsbG, with several other cases having been previously reported in the literature (Table 2) . Thus, equipment (Table 1D) . Although it is possible that the improvement in resolution could be progressive, we did Schick and Jurnak demonstrated that the diffraction resolution of crystals of the guanidine nucleotide ex-not attempt serial transfer into increasing concentrations of precipitant because the one-step procedure change factor complex grown from PEG 4000 improved from 4 Å to 2.7 Å resolution by addition of high molecular worked so well. However, this may be necessary for some crystals [3]. Also, we did not observe intermediate weight PEG to single crystals, which was accompanied by a decrease in solvent content (Table 2) 
. They obtained improvements in diffraction resolution nor did we observe further improvement after longer incubation peri-a further improvement in resolution by lowering the temperature of data collection (2.5 Å resolution at 250 K) ods. The solvent content based on two subunits (one homodimer) per asymmetric unit was 53% after dehy-[3]. These observations were extended by Kawashima and coworkers who, working on the same crystal sys-dration, which is within the usual range for proteins (27%-65%) [31]. This contrasts markedly with the esti-tem, found that it was possible to interconvert between high-and low-diffraction crystal forms by a dehydration/ mated solvent content of ‫%09ف‬ for crystals prior to dehydration (an approximate figure due to the difficulty hydration process [4]. In another example, Cramer and Muller reported that in measuring accurate cell constants from 10 Å data).
The presence of glycerol in the overnight dehydrating the anisotropic diffraction exhibited by NF-B P52:DNA cocrystals (2.4 Å resolution in two directions and 3.5 Å solution is not essential for the improvement in diffraction. The same dehydration procedure described above resolution in the third) could be corrected by crystal dehydration, yielding crystals that diffracted beyond 2 Å was used excluding glycerol from the dehydration solution. After overnight incubation, the crystal was stepwise resolution (Table 2) [5]. Also, crystal dehydration of HIV-1 reverse transcriptase (RT) in complex with inhibitors re-cryoprotected with 0% to 25% glycerol. Crystals dehydrated in this way also diffract to ‫2ف‬ Å resolution (data sulted in a variety of unit cells, the best ordered of which showed an improvement of diffraction resolution from not shown). However, inclusion of 10% glycerol in the dehydrating solution is convenient because it removes 3.7 Å to 2.2 Å resolution (Table 2) [6]. Tong and coworkers reported another interesting a few steps in the tedious stepwise cryoprotection procedure. Dehydration with 30% PEG 4000 and 25% glyc-postcrystallization treatment which involved the transfer of human cytomegalovirus (HCMV) protease crystals to erol was not investigated, but this may be feasible and would circumvent the need for stepwise cryoprotection. an artificial mother liquor containing higher PEG and salt concentrations which significantly improved the diffraction quality (from 3 Å to 2.5 Å resolution in house, Dehydration of SeMet Crystals and to 2 Å resolution at a synchrotron; Table 2 
) [7]. Other Dehydration is also applicable to selenomethioninereports show that dehydration in combination with other labeled DsbG (SeMet DsbG). Crystals of SeMet DsbG factors improves the diffraction quality and resolution grew under the same conditions as native DsbG crystals.
of many protein crystals (Table 2) . For example, Yang Furthermore, the dehydration procedure used for native and coworkers showed an improvement of diffraction crystals was reproduced successfully for SeMet DsbG of Rv2002 gene product crystals upon annealing and crystals, allowing measurement of diffraction data to dehydration [8]. The method they used was to flash 2.3 Å resolution on our laboratory rotating anode X-ray freeze a crystal grown from PEG 3000 using 10% source (Table 1E) Recently, Pang and coworkers reported that crystals describe here is quick and simple and has the potential to convert an otherwise useless protein crystal into a of FAD-independent acetolactate synthase improved from 2.9 Å to 2.6 Å resolution by a combination of dehy-diffraction quality crystal. We anticipate that, as with crystal annealing, crystal dehydration may not work in dration and cryocooling [10]. In this case, crystals were grown from PEG 8000 and ethylene glycol, and dehy-all cases but will provide a spectacular improvement in a portion of cases. Furthermore, we expect that crystal drated by equilibration against a reservoir solution that included 30% PEG 600 (cryoprotectant and dehydrating dehydration is most likely to improve diffraction in crystals where poor diffraction is due to high solvent content. agent). Also, Haebel and coworkers showed that dehydration by air equilibration combined with cryocooling improved the diffraction quality of crystals of a DsbC- improves from 10 Å to 2 Å . The solvent content of these strain in minimal medium containing seleno-DL-methionine at a concrystals is reduced by almost 40% by dehydration, centration of 50 g ml Ϫ1 using methods similar to those described which is also the most dramatic change so far reported for SeMet CcmG (DsbE) [43] . SeMet DsbG was purified following the same procedures described above for native DsbG, and mass (generally ‫;%01-%2ف‬ Table 2) 
Experimental Procedures

DsbD␣ complex from 7 Å to 3.8 Å resolution on a rotating
